Total 16 α-gliadin gene sequences ranged from 1186 to 1316bp were isolated from Eremopyrum bonaepartis by PCR based strategy. Analysis of deduced amino acid sequences indicated that 8 of 16 sequences displayed the typical structure of α-gliadin genes with six cysteine residues, while the other 8 sequences contained in-frame stop codon, and were therefore pseudogenes. Phylogenetic analysis based on the variation of α-gliadin gene sequences indicated that the F genome of E. bonaepartis was apparently differed from the A, B and D genomes of wheat. Four peptides, Glia-α, Glia-α2, Glia-α9 and Glia-α20, which have been identified as T cell stimulatory epitopes in celiac disease (CD) patients through binding to HLA-DQ2/8, were searched to the E. bonaepartis α-gliadin gene sequences. We firstly found that only Glia-α existed in 7 of 8 full sequences, the fact suggesting that the occurrence of the stimulatory epitopes in α-gliadin genes was newly evolved in wheat.
Introduction
The total protein contents of cereal seeds vary from about 10-15% of the grain dry weight, with about half of the total being storage proteins. The majority of seed storage proteins are prolamins. All of the prolamins of the Triticeae (wheat, barley and rye) were assigned to three broad groups: sulphur-rich (S-rich), sulphur-poor (S-poor) and high molecular weight (HMW) prolamins (Shewry and Tatham, 1990) . The S-rich prolamins included subgroups of γ-gliadins, α/β-gliadins and B-and C-type LMW subunits of glutenin. Examination of the number of gene loci (Gli-2) for α/β-gliadins type subfamilies showed that the copy number ranges from 25 to 150 copies in wheat (Triticum aestivum L), and such variation were presumably caused by genes differential amplification during genome evolution (Anderson and Greene, 1997; Gu et al., 2004; Gao et al., 2007) .
The Triticeae tribe is a taxon within the grass family Poaceae that includes around 350 species in approximately 30 genera (Löve 1984) . The genus Eremopyrum (Ledeb.) Jaub. & Spach was widely distributed in dry areas from Morocco to western China (Frederiksen, 1991) . As far as the Eremopyrum species was concerned, studies are focused on their morphology, conservation and genomic relationship to related diploid and polyploidy triticeae species (Frederiksen and Bother, 1994; Kellogg et al., 1996; Liu and Ding, 1996; Mason-Gamer, 2004) . In this report, we describe the characterization of the α-gliadin genes from Eremopyrum bonaepartis, an important diploid pasture species (2x=14), with respect to explore the evolution of α-gliadin genes in triticeae.
Materials and Methods

Plant materials
Eremopyrum bonaepartis, accession PI401345 was kindly provided by Dr. Harold Bockelman, National Plant Germplasm System, USDA-ARS, Aberdeen, Idaho, U. S. A.
DNA preparation and PCR amplification
Genomic DNA of E. bonaepartis was isolated from 1-2g leaves of single plant about 4-6 weeks old, as described by Li et al (2008) . Based on the published α-gliadin gene sequence, primers P1 (5'-CCACAAATCCAACATG(A/T)AGACCTT(C/T)(A/C)T -3'), and P2 (5'-TTCCCATG(C/T)TTGAACTA(G/C)TATAGGT(C/A)G -3') were designed for amplifying the upstream sequence, coding sequences and a downstream sequences of α-gliadin genes.
PCR was carried out using iCycler thermal cycler (Bio-Rad, Hercules, CA). Each PCR reaction (100µl) contained 300ng template, 0.2mM of each dNTPs, 1µM of each of two primers, 10µl 10×PCR buffer, and 5U high fidelity Ex Taq DNA polymerase (Takara, Japan). The PCR programmed at 2min at 95°C, followed by 35 cycles of 94°C for 1min, 60°C for 1min and 72°C for 2min 30sec. After the amplification, the final extension was kept for 10min at 72°C. The PCR product was analyzed on 1% agarose gels.
Cloning, sequencing and comparative analyses of α-gliadin genes
The target PCR products were purified from agarose gel using QIAquick Gel Extraction Kit (QIAGEN). The fragment was ligated into a pGEMT plasmid vector (Promega, Madison, Wis.), and used to transform competent cell of Escherichi coli DH5α strain. The 15 positive clones were sequenced on an automatic DNA sequencer (TaKaRa Biotech). The nucleotide sequences were assembled, and the sequence alignment among different α-gliadin alleles from NCBI Genbank were carried out using BIOEDIT software, and the phylogenetic tree was constructed by ClustalW program.
Results
Nucleotide sequences analysis
By using the E. bonaepartis genomic DNA as templates, the amplification of primers, P1/P2, gave rise to a 1200bp band. The PCR products of E. bonaepartis were cloned and sequenced. Total 16 sequences of 1186-1316bp were obtained and deposited in the NCBI database with accession number of HM452979 to HM452994.
Nucleotide sequences comparison indicated that all 16 sequences showed a high degree of homology to the wheat α-gliadin sequences. Eight sequences (HM452979 to HM452986) contained complete ORFs of 834-969bp, while the remaining 8 sequences (HM452987 to HM452994) with structurally similar to the full-ORF genes were pseudo genes, because they contained a typical in-frame premature stop codons resulted from the transition of T by C at the first base of glutamine codon (CAA, CAG) in either repetitive central domains or C-terminal domains.
The 16 sequences contained the conserved 214-217bp 5' upstream sequences. As shown in Figure 1 , the sequences HM452982, HM452986 and HM452987 showed higher nucleotide variations than other 13 sequences. The TATA box was commonly found at 92-96bp upstream of the ATG start codon. Several predicted cis-regulatory elements like CAAT and the endosperm specific GCN4 presented in the promoter regions of the sequences. The circadin factors existed in 13 sequences.
The deduced amino acid sequences analysis
The deduced amino acid sequence of the E. bonaepartis α-gliadin genes represented a presumptive mature protein with 277-323 residues (Figure 2 ). All of full-ORFs are resembled the general structure of α-gliadin protein, which consists of a short N-terminal signal peptide (S) followed by a repetitive domain (R) and a longer non-repetitive domain (NR1 and NR2), separated by two polyglutamine repeats (Q1 and Q2). The deduced amino acid of the E. bonaepartis α-gliadin genes contained six conserved cystenin residues in the non-repetitive domains and C-terminal domains. The two polyglutamine domains were encoded by microsatellite-like sequences, CAA and CAG. As shown in Figure 2 , the repeats numbers of Q1 and Q2 in the ORF were 9-10, and 14-28, respectively.
The reported T cell stimulatory epitopes Glia-α (QGSFQPSQQ), Glia-α2 (PQPQLYPQ), Glia-α9 (PFPQPQLPY) and Glia-α20 (FRPQQPYPQ) had its own position in the α-gliadin protein, in which Glia-α was present in the second nonrepetitive (NR2) domain, whereas Glia-α2, Glia-α9 and Glia-α20 were all found in the first repetitive (R) domain (Spaenij-Dekking et al., 2005) . We search the perfect matches in the obtained E. bonaepartis α-gliadin genes sequences to the four epitopes, and found that only the Glia-α present in 7 of 8 E. bonaepartis α-gliadin ORF sequences. The changes of several amino acids were at position of other 3 epitopes regions.
Phylogenetic tree and evolutionary analyses
Sequence comparisons were performed among the α-gliadin genes from different genomes to understand the relatedness and the divergent time by the construction of phylogenetic trees. In addition to the nucleotide sequence of α-gliadins alleles from A, B and D genome from wheat ancestries (van Herpen et al., 2006) , the HMW-GS, LMW-GS, γ-gliadins gene sequences were also included. As shown in Fig. 2 , the γ-gliadins were closely related to α-gliadins. Among the α-gliadin gene sequences, the phylogenetic trees of E. bonaepartis α-gliadin gene sequences were apparently separated as three distinguished groups. Based on the calculation of the evolutionary rates ( Allaby et al., 1999) , the α-gliadin sequences from E. bonaepartis possibly evolved at
Discussion
Since the complete amino acid sequence from α-gliadin in wheat was reported by Kasarda et al. (1984) , the general conserved amino acid MKTFLIL and FGIFGTN of encoding sequences were found, and the several primers were used to amplify the α-gliadin genes from Triticum species (Kasarda and D'Ovidio, 1999; van Herpen et al., 2006) . Seed storage protein gene promoter motifs are conserved in diverse species, and different plant families are characterized by a distinct combination of conserved motifs (Fauteux and Strömvik, 2009 ). In the present study, we designed a pair of primers, P1/P2, which covered a 214-217bp of the promoter and 3' untranslated regions of α-gliadin gene sequences. It successfully amplified the α-gliadin genes from Eremopyrum species. It also proved to successfully amplify the α-gliadin genes from Dasypyrum, Pseudoroegneria, Lophopyrum, and Thinopyrum species (Li et al. 2009 and unpublished data) . The PCR based strategy effectively enables to characterize new types of α-gliadin gene sequences in Triticeae species. Using the PCR amplification, van Herpen et al. (2006) reported 230 partial α-gliadin gene sequences from diploid ancestral A, B, D genome of wheat, and found that about 87% of sequences are pesudogenes. We previously isolated 32 α-gliadin gene sequences from Dasypyrum species, and revealed that 12 sequences are pseudogenes (Li et al., 2009) . In the present study, we showed that 8 of 16 α-gliadin gene sequences from Eremopyrum species were pseudogenes, suggesting that high percentage of pseudogenes existed in α-gliadin gene superfamily of Triticeae genomes.
There are large differences existed in the content of predicted T cell epitopes in full-ORF genes and pseudogenes from the wheat ancestral genome donor of diploid species of T. monococcum, T. speltoides and Ae. tauschii (Spaenij-Dekking et al., 2005; van Herpen et al. 2006; Vaccino et al. 2009 ). Our previous study revealed that the α-gliadin sequences from V genome of Dasypyrum present Glia-α epitope (Li et al., 2009) . In the present study, we showed that Eremopyrum species only contained Glia-α epitope. It is also worthwhile to postulate the evolutionary history of the toxic epitopes by the investigation of accumulative α-gliadin gene sequences from closely related genomes.
The major groups of cereal prolamins in the Triticeae (wheat, barley, rye) and the Panicoideae (maize, sorghum, millets) have common evolutionary origins (Gianibelli et al., 2001 ). However, the tandem gene duplications events and complicating breeding efforts occurred in the multigenic families that encode storage proteins including α-gliadin genes (Xu and Messing, 2008) . Therefore, further isolation of the α-gliadin gene sequences from different genus or species in Triticeae will resolve the ancestry of gene copies, and can trace the origin of chromosome lineages with respect to the gene evolution. 
